The evolutionary advantage of toxin production among cyanobacteria, the oldest known The bioactivity of a toxic metabolite can be deduced directly from the nucleotide sequence of the and/or polyketide synthesis (PKS), with complex environmental, economic, and health impact 2 .
58
The exact function of cyanobacterial secondary metabolites remains largely unknown 2 59 despite the fact that a substantial portion of the genome can be dedicated to this secondary are derived from the average pairwise similarity of subsequence alignments.
163
Upon analyzing the biosynthetic gene clusters using this LPSA-based approach, we obtained a probably as an adaptation to the diversification of marine life.
302
Digestion inhibition can be achieved by modulating the activity of proteases, which protects 303 ingested cells from being degraded. As such digestive enzymes have highly efficient catalytic 304 sites, inhibition requires high specificity, which is provided by peptide-based metabolites. toxicity, respectively; Figure 1 ). Due to its simplicity, accessibility, and fast acting mechanism, 329 transmembrane toxicity by modulation of ion channels likely represents an older mechanism 52 .
330

Limitations
331
The phylogenetic analysis approach applied in the present study is conceptually similar to 332 previous efforts employing average sequence similarity [24] [25] [26] [27] [28] , in that it relies on obtaining LPSA 333 similarity scores for certain pieces of the genome, averaging the score for each full sequence 334 analyzed, and creating a distance matrix based on the average similarity scores. 
Conclusion
395
The bioactivity of a toxic metabolite can be deduced directly from the nucleotide sequence of the The approach involves three steps described schematically below for a dataset of 424 three sequences. c. The final result is a distance matrix containing the metric described in item b.
440
Various methodologies can then be used to derive a phylogenetic tree based on this 441 matrix (e.g., neighbor joining, weighted least squares, etc.). The distance matrix can 442 be represented as follows: and being referred to using a single identifier (e.g., "Microcystin_1") ( Figure 3 
